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Preface 



This booklet has been put together in order to introduce the 
operating principle of streak cameras, show some examples of 
how streak cameras are used, offer guidelines on how to select a 
streak camera, and explain the terms used in connection with 
these instruments. We hope those who are interested in streak 
cameras and those who are considering buying a streak camera 
would find it useful. If you are looking for information on a specific 
product model, H AM AM ATS U has individual catalogs available 
which describe the various models in greater detail. Please refer 
to those catalogs for the model in which you are interested. 
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Fig.1 Operating Principle of the Streak Tube 
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Fig. 2 Operation Timing (at time of sweep) 



System Configuration 



In orderto measure ultra-high speed optical phenomena using 
a streak camera, a trigger section and a readout section are 
required. The basic configuration of this system is shown below. 

The trigger section controls the timing of the streak sweep. This 
section has to be adjusted so that a streak sweep is initiated 
when the light being measured arrives at the streak camera. For 
this purpose, we use a delay unit, which controls how long the 
trigger signal which initiates the streak sweep is delayed, and a 
frequency divider, which divides the frequency of the external 
triggersignalifthe repetition frequency of the trigger signal is too 
high. Also, in cases where the trigger signal cannot be produced 
from the devices such as a laser, it has to be produced from the 
light being measured itself, and this requires a PIN photodiode. 
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STREAK CAMERA 



The readout section reads and analyzes streak images pro- 
duced on the phosphor screen, which is on the output side of the 
streak camera. Because the streak image is faint and disap- 
pears in an instant, a high-sensitivity camera is used. Analysis 
of streak images is done by transferring the images through a 
frame grabber board to a computer. 

In addition to the units which make up this basic configuration, 
there are spectroscopes, optics, and other peripheral equipments 
which can be used depending on each applications. 
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Fig. 3 Basic System Configuration of Streak Camera 



Applications 



Semiconductor Physics (photoluminescence of GaAIAs) 
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This is an example showing the photoluminescence of the compound 
semiconductor GaAIAs undergoing time-resolved spectroscopy.The 
specimen (GaAIAs) was excited using 580 nm picosecond pulses, and 
the photoluminescence emitted when electrons return to the ground 
state pass through a spectroscope where they undergo wavelength 
analysis. Following this, temporal resolution is carried out using a streak 
camera. 



Photochemistry (Picosecond time-resolved absorption of photochromic compound) 
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The absorbance change of spirobenzopyran in polystyrene film are 
measured by streak camera after the 355 nm excitation. The vertical 
curve shows the temporal changes in the degree of absorption in the 
first half of the 400 nm band and in the second half of the 500 nm band. 
The horizontal curve shows the absorption spectrum around 1.5 ns 
after excitation. 



Optical communication (Chromatic dispersion in single mode optical fiber) 
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This is an example of a measurement of dispersion in time occurring in 
optical fiber. A laser diode with a wavelength of 1.5 jtim generates many 
pluses having different wavelength at same timing, which are input to 
the optical fiber to be measured. The speed of the each optical pulses 
transmitting through the optical fiber varies depending on its wave- 
length. Thus, when the output light undergoes time-resolved 
spectroscopy after being transmitted a long distance, the differences of 
arrival time depending on each wavelength of a pulse can be measured. 
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Fabrication of high quality thin films (Laser ablation of YBCO) 




k Photo courtesy of Superconductivity Reserch Laboratory, ISTEC 

1 Laser induced discharge 
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This example shows how, in orderto create an oxide superconductivity 
thin film, the particles generated by a laser shot to a target scatter onto 
a substrate. We can see from the results that there are two components 
involved: one which arrives at the substrate at high speed, and a slower 
component which takes longer to reach the substrate. 
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▲ Photo courtesy of Assistant Prof. Honda 

Graduate School of Engineering Sciences, Kyushu University 



In this example, laser-induced discharge is measured. By focusing a 
strong pulsed beam between electrodes to which a direct-current high 
voltage has been applied, plasma is created, and this induces electrical 
discharge between the electrodes. 



High energy Laser nuclear fusion 
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▲ Photo courtesy of Institute of Laser Engineering, Osaka 
University 
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A Laser nuclear fusion reactor (photo courtesy of Institute of Laser Engineering, Osaka University) 

When a light element initiates nuclear fusion and changes to a heavy 
element, explosive energy is given off which is nothing like the chemical 
energy seen in combustion and other forms. Measurement of the 
intensity and the response time of light produced through the explosive 
flux-compression which takes place in the nuclear fusion reactortakes 
place here, along with measurement of the density and distribution of 
plasma ions and other factors. 
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n Selection Guide 



This table summarizes the main features and specifications of typical streak cameras manufactured by HAMAMATSU. We hope this 
will serve as a reference in selecting the optimum model for your applications. * 



v . 

Model 

No.- 


Features 

■ ■ ' ' 




^ — 

Spectral Response 
Characteristics 


Sweep Unit 
(Plug-in type) 


Daynamic Range 
(at the fastest range) 
oee rage iu 


C6860 

(Synchroscan 
Fesca) 


The newly developed Synchroscan FESCA achieves an ultra- 
high temporal resolution at a high repetition frequency of 75 to 
100 MHz synchronizing with repetitive optical phenomena. 
The integration of such repetitive phenomena makes it possi- 
ble to detect and measure extremely weak signals in the IR 
region of up to 1600 nm using an S-1 streak tube. 


200 to 850 nm 
(S-20) 

300 to 1600 nm 
(S-1) 


M6863 


> 1 : 200 


IVItKJO 1 


** I . 1UUU 


C6138 
(FESCA-200) 


The FESCA-200 is an ultra fast streak camera with a tempo- 
ral resolution of 200 femtoseconds (typ.). It is designed for 
use with single-shot or slow-repetitive phenomena. It can 
analyze the process of energy relaxation and dynamics of 

chpmif^al rpartinn in thp fpmtncprn nH rpninn in rnmhinatirin 
WICHMU3I icauiuii ill uic lei I lluocUUI IU IcLJIUM 111 UUIMUli ItfUUFi 

with femtosecond pulse laser. 


280 to 850 nm 
(S-20) 


built-in the 
main body 


>1 :40 


C5680 


This is the streak camera which is most ideal for general 
purposes. By selecting the appropriate sweep units and 
additional function units, this can be configured to cover an 
extremely wide range of times from 200 psto 1 ms. In addition, 
it is capauie ot measuring anytning trom a single event 
phenomenon to high-repetition phenomena in the GHz range. 
)The appropriate streak tube (photocathode) can be selected 
to accommodate Jight ranging from X-rays to the near infrared 
rays. Operation can be handled very simply using a computer. 


200 to 850 nm 
(N5716, N5864) 
300 to 1 600 nm 
(N5716-02) 
115 to 850 nm 
(N5716-01) 
400 to 900 nm 
(N5716-03) 
X-ray region 
(10eVto10keV) 


M5676 


>1 :30 


M5677 


> 1 : 200 


MOO (D 


> 1 : 1 000 


C4334 


The C4334 ("Streakscope") is a compact streak camera 
primarily dedicated for time-resolved as an alternative to 
conventional detector system. 


200 to 850 nm 
(C4334-01) 
400 to 900 nm 
(C4334-02) 
300 to 1 500 nm 
(C4334-04) 


built-in the 
main body 


>1 :70 


C2830 


This streak camera isdesigned for single-sweep operations, 
and offers a maximum temporal resolution of 10 ps. 


200 to 850 nm 
(S-20) 


M2547 


> 1 : 100 


M2548 


> 1 : 200 


C7700 


The C7700 is a wide dynamic range streak camera for single 
shot measurement. 


200 to 850 nm 
(S-20) 

300 to 1600 nm 
(S-1) 


built-in the 
main body 


> 1 : 10000 


C4187 


This is a large format streak camera with 18 mm effective 
photocathode width (three timesthat of the C5680 model). In 
addition to high and low speed sweep operations, framing 
operation is possible. 


200 to 850 nm 
(S-20) 


M4190 


>1 :50 


M4191 


> 1 : 100 


C4575-01 


The C4575-01 X-ray Streak Camera offers extremely high 
temporal resolution of only 1 .5 picoseconds, while maintain- 
ing good spatial resolution. This is made possible by using 
the latest achievements in streak tube technology. 


X-ray region 
(10eV tolOkeV) 


built-in the 
main body 
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Maximum 

sweep 
repetition 




Temporal 
resolution 


Sweep range (sec/full scall) 


Modei 
No. 


Hj-iu 1 Lr° i Lr° ILr' 1 Cr° 1 Lr° 1 C/* 1 Q- 3 10~ 2 
I I I I I I I I I"-' 




frequency 








2 MHz 


< 50 ps 


5 ns * ■ 10 ms 


C6860 
(Synchro scan 
Fesca) 


75 to 100 MHz 


son f<; 


50 ds 1 2 ns 


100 Hz 


<200fe 


60 ps 1 .2 ns 


C6138 
(FESCA-200) 


10 KHz 


< 2ps 


200 ps . : 50 ns 


C5680 


2 MHz 


<50 ps 




5 ns 1 ms 




75 to 165 MHz 




200 ds I 2 


2 MHz 


< 15 ps 


1 ns vV; , ; r . ; ...... 10ms 


C4334 


1 KHz 


< 10ps 


500 ps 10 ns 


C2830 


10 KHz 


< 100 ps 


10ns V \ 1 ms 


1 KHz 


< 5 ps 


1 ns • 1 ms 


C7700 


500 Hz 


< 100 ps 


10 ns 1 ms 


C4187 


500 Hz 


< 10 ps 


2 ns | 50 ns 


50 Hz 


< 1.5 ps 


160 ps 2 ns 


C4575-01 
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Definitions of Terms 



[Time Characteristic/Unit/Gate/Trigger] 

• Temporal Resolution 

This is the boundary of the resolution which distinguishes 
between two events which are consecutive in terms of time. In 
HAMAMATSU catalogs, the temporal resolution is defined as 
the FWHM (full width at half maximum) of the intensity of the 
streak image in relation to an incident light pulse whose tempo- 
ral width (pulse width) can be infinitely close to but not equal to 
zero. 



TIME 




TEMPORAL 
RESOLUTION 



STREAK IMAGE 



1/2 11 



LIGHT INTENSITY 

Fig. 4 Temporal Resolution 

• Picosecond (ps)/Femtsecond (fs) 

One picosecond is equal to one-trillionth of a second (10" 12 
second). Light in vacuum travels 0.3 mm in a picosecond. 
One femtosecond is equal to 1/1000th of a picosecond (1/one 
thousand trillionth of a second, or 10- 15 second). 

• Gate 

This is an operation carried out in order to render the streak 
camera temporarily insensitive. 

If light positioned before and after the light in the field being 
measured is allowed to enterthe streak camera, the photoelec- 
trons produced by that light will be scattered and multiplied 
inside the streak tube, causing optical noise to appear on top of 
the actual streak image, and lowering the S/N of the streak 
image. In order to prevent this problem, the streak camera is 
equipped with a cathode gate which blocks the photoelectrons 
produced on the photocathode and an MCP gate which stops 
electrons from being multiplied in the MCP. 

• Gate Extinction Rate 

This is the ratio of the phosphor screen brightness when the gate 
is open and when it is closed, in relation to incident light which 
is constant in terms of time. 

• Dynamic Range 

This indicates the light intensity range which can be measured 
with the streak camera. In this booklet and HAMAMATSU 
catalogs, the dynamic range is specified as the weakest pulse 
which can actually be measured, instead of the noise level, 
which has conventionally been used to define the dynamic 
range. In other words, the ratio between the strongest pulse and 
the weakest pulse in the range of the input/output linearity (y = 
1 ) is taken as the dynamic range. Generally speaking, there is 
a tendency for the dynamic range to become lower as the 
temporal resolution improves. 

• Trigger Delay 

In order to obtain a streak image in the center of the phosphor 
screen, the trigger signal has to arrive at the slit earlier than the 
incident light. The trigger delay is used to achieve this difference 
in timing. 



• Trigger Jitter 

When a phenomenon is being repeated in order to measure it 
(streak images are being summed), the position of the streak 
image on the phosphor screen jumps slightly each time the 
phenomenon is repeated, because of fluctuation in the opera- 
tion timing of the sweep circuit and otherfactors. This fluctuation 
is called trigger jitter, and is one element which limits the 
temporal resolution of the system. It can be a particular problem 
with high-speed sweeps. (With low-speed sweeps, the trigger 
jitter is lower than the time resolution, and can be ignored.) 
The trigger jitter is determined by the difference between the 
FWHM of a single pulse and the FWHM when pulses are 
summed together. 

AVERAGE FWHM OF A SINGLE PULSE 
, 44 ps 



AVERAGE FWHM OF 
100 PULSES SUMMED TOGETHER 
J 53ps 




IN THIS CASE, THE TRIGGER JITTER IS CALCULATED, AS SHOWN IN 
THE FOLLOWING EQUATION, TO BE ±15ps OR LESS. 

Tj = (53 2 - 44 2 ) 1 = 29.5ps (< ± 15ps) 

Fig. 5 Determining Trigger Jitter 

[Sweep Method/Measurement Method] 

• Single-Sweep 

Essentially, this term comes from the fact that only one sweep is 
involved (a single shot). In this booklet and in HAMAMATSU 
catalogs, however, we use the term to referto any sweep ranging 
from a single shot to sweeps with a repetition rate of up to tens 
of kHz. The measurement range which covers this sweep 
method is from 60 ps to 10 ms. A ramp voltage is applied to the 
deflection (sweep) electrodes during the sweep, (see Fig. 6) 

• Synchroscan 

This refers to a high-speed repeated sweep in which a high- 
frequency sinewave voltage is applied to the deflection elec- 
trodes (see Fig. 6). By synchronizing the repeated sweep 
frequencies, streak images can be accumulated (integrated) at 
a fixed position on the phosphor screen. This allows very faint 
optical phenomena to be measured with a high S/N. 
The repetition of the optical phenomenon is the same as the 
sweep frequency, but it must be an integral multiple or an 
integral fraction of the sweep frequency. The temporal meas- 
urement range is from several hundred ps to 2 or 3 ns. 
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Fig. 6 Sweep Voltages for Single-sweep and Synchroscan 
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• Synchronous Blanking 

With the synchroscan method, because only vertical deflection 
plates are used and repeated sweeps carried out in the vertical 
direction, if there is incident light during the return sweep (the 
sweep from the bottom back to the top), this will overlap the 
signal of the main sweep (the sweep from the top to the bottom) 
as a suprious-signal. This makes it very difficult to obtain 
accurate measurements. 

In synchronous blanking, a sinewave with a phase different from 
that of the vertical sweep signal is applied to the horizontal 
deflection plates, and the return sweep is forced off its course in 
the horizontal direction. As shown in Fig. 10, the return sweep 
thus misses the phosphor screen, allowing only the main sweep 
to be measured, and this enables accurate measurement of 
high-speed repeated phenomena up to the GHz range. 

Comparison of Methods of Observing a 1.5jim Semicon- 
ductor Laser (modulated at 2GHz) 
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Fig. 7 Sweep Path Using Synchroscan 

The image resulting from incident light during the return sweep overlaps with 
the signal from the main sweep. 
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Fig. 8 Sweep Path Using Synchronous Blanking 

The use of elliptical sweep so that the return sweep does not pass over the 
phosphor screen enables measurement of only the signal from the main 
sweep. (The photo was obtained using the data analyzer to perform vertical 
compensation for streak image bending.) 

• Dual Time Base 

In addition to the synchroscan, by appling a ramp voltage to the 
horizontal deflection plates, the repeated vertical sweep shifts in 
the horizontal direction (horizontal sweep). This allows temporal 
imformation to be captured in the horizontal direction as well as 
the vertical direction. The vertical axis represents the fast time 
axis, while the horizontal axis shows the slow time axis. By 
having two time axis, it is possible, for example, to measure 
pulse widths and phase fluctuations which are sufficiently longer 
than the repetition frequency of events which repeat at high- 
speed. 
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Fig. 9 Sweep Path Using Dual Time Base 



Jitter measurement example 
of a mode-locked YAG laser 
and a sync pump dye laser 
excited by the YAG laser's 
second harmonic 
(top: dye laser, bottom: YAG 
second harmonic) 

• Photon Counting Integration 

Photoelectrons given off from the photocathode of the streak 
tube are multiplied ata high integration rate by the MCP, and one 
photoelectron is counted as one intensity point on the phosphor 
screen. A threshold value is then used with this photoelectron 
image to clearly separate out noise. 

Positions in the photoelectron image which are above the 
threshold value are detected and are integrated in the memory, 
enabling noise to be eliminated completely. This makes it 
possible to achieve data measurements with a wide dynamic 
range and high S/N. 
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Fig. 10 Separation of Photoelectron Image and Noise 

• Time-resolved Spectroscopy 

In time-resolved spectroscopy, temporal fluctuation in the inten- 
sity of light at various wavelengths are measured. A spectro- 
scope is set in front of the streak camera, and light separated in 
the horizontal direction is collected and an image formed at the 
level input slit in order to be measured. (See Application Exam- 
ples ©, (D, and (3) on page 6.) 

• Time and space-resolved Measurement 

This is a type of measurement in which temporal fluctuation in 
the intensity of the light are measured at the position of the light 
being measured. This is done by using a lens system appropri- 
ate to optical images in the target range and forming an image 
on the input slit surface of the streak camera. (See Application 
Examples ©,©, and (D on page 7.) 
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Fig. 1 1 Time and space-resolved Measurement 
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Pnput/Output/Readout System/Optional] 



• Input Optics 

This is an optics which is positioned in front of the photocathode 
of the streak tube. Its function is to make the light being 
measured into fine slit ray and make it focused on the photocath- 
ode. It consists of a slit section and a lens section. Various 
models are available, classified by the spectral transmittance 
and brightness of the lens system. 
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Fig. 12 Spectral Transmittance and F-number of Input Optics 

• Output Optics 

This is an optics which is positioned between the phosphor 
screen on the output side of the streaktube and the camera used 
for readout. It is used to form an image on the sensitive surface 
of the camera which reads the streak image formed on the 
phosphor screen. 

• Photocathode 

This is configured of numerous layers of various types of 
metallic film, layered on the surface of the window material, so 
that when light strikes this surface, the light energy is absorbed 
and electrons called photoelectrons are emitted. The wave- 
length range of the incident light from which these photoelec- 
trons are generated, and the conversion efficieney, differ de- 
pending on the material making up the photocathode. 

• Spectral Response Characteristics (See Page 15) 

The percentage of photoelectrons emitted from the photocath- 
ode to the number input in the incident light varies depending on 
the wavelength of the light. This is called the spectral response 
characteristic and, depending on how definitions are used, it is 
expressed in terms of quantum efficiency and radiant sensitivity. 

• Radiant Sensitivity 

This indicates how many amperes (A) of photoelectric current 
are produced when 1 watt (W) of incident light is entered in the 
photocathode. It is expressed as the proportion of the incident 
light to the photoelectric current (A/W). 

• Quantum Efficiency 

This is the ratio between the number of incident photons on the 
photocathode and the number of photoelectrons generated. It is 
calculated using the following equation: No. of photoelectrons/ 
no. of incident photons x 100 (%). 

• Phosphor screen 

This is a screen which produces light when electrons bump 
against it. This is where the electron image is optically converted 
into a streak image. The phosphor screen consists of a glass 
plate and layers of fluorescent material on the surface of the 
plate. The amount of light generated by the fluorescent material 
is proportional to the kinetic energy of the electrons. The peak 
and attenuation time of the spectrum vary depending on thetype 
of phosphor screen used. Phosphor screens are classified by P 
numbers, such as P-11, P-20 or P-43. 
12 



• MCP 

This is an abbreviation for Micro Channel Plate. The MCP is an 
electron multiplier consisting of many thin glass capillaries (chan- 
nels) with internal diameters ranging from 10 to 20 nm, bundled 
together to form a disk-shaped plate with a thickness of 0.5 to 1 
mm. The internal walls of each individual channel are coated with 
a secondary electron emitting material, so that as the electrons 
come flying through the channels, they bump against the walls, 
and the repeated impact causes them to multiply in number. A 
single electron can be multiplied into as many as 10 4 using this 
process. 



CHANNEL 




Fig. 13 MCP Configuration 

• Material of Windows 

This is a substrate formed by either the photocathode or the 
phosphor screen, and is made of material with a superb light 
transmission characteristic. Various materials such as MgF2, 
UV transmitting glass, and fiber plate are used as window 
materials. The window material varies depending on the bound- 
ary transmittance wavelength of the UV region. 

• CCD Camera 

CCD cameras are the preferred devices for reading the images 
from the phosphor screens of streak cameras. Hamamatsu is 
offering various camera types; including cooled or non-cooled, 
digital or analog, slow-scan or fast-scan lens-coupled or fiber- 
optically coupled. So, the ideal CCD camera can be selected for 
a given streak camera model and application. 

• Streak Trigger Unit (Frequency Divider) 

This divides signals which have a repetition frequency too high 
to be handled by a single sweep unit, and supplies gate trigger 
signals and streak trigger signals to the single sweep unit. 

• Delay Unit 

This unit can be used to specify the delay time in steps as short 
as 30ps. 

• PIN Photodiode 

It is a device to convert the incident light pulse into the streak 
trigger signal for single sweep unit or synchroscan unit. For 
single sweep unit, a slow reptition pulse laser is used as the 
applicable light source. For synchroscan unit, a mode-locked 
laser is used as the applicable light source. 
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Kotai Butsuri Vol. 22, pp. 795-803, 1987 
(Written in Japanese) 

• Measurement of Weak Luminescence from Semicon- 
ductors Using the Synchroscan Streak Camera 
System 

J. Kusano, Y. Segawa and S. Namba 

The Review of Laser Engineering Vol. 14, No. 8 pp. 701-705, 



(Written in Japanese) 

• Femtosecond • Picosecond Emission Spectroscopy 

H. Utsugi and T. Kobayashi 
Butsuri Vol. 42, pp. 486-492, 1987 
(Written in Japanese) 



H Photochemistry 

• Picosecond time-resolved absorption spectrometer 
using a streak camera 

T. Ito, M. Hiramatsu, M. Hosoda and Y. Tsuchiya Rev. of Sci. 
Inst., Vol. 62, No. 6, pp. 1415-1419, 1991 

• Absence of dielectric relaxation effects on intramo- 
lecular electron transfer in porphyrin-quinone 
cyclophanes 

" F. POIlinger, H. Heitele, M. E. Michel-Beyerie, etal CHEMICAL 
PHYSICS LETTERS, Vol. 198, No. 6, pp.645-652, 1992 

• Use of streak camera for time-resolved photon count- 
ing fluorimetry 

Lloyd M Davis and Christian Parigger Meas, Sci. Technol. 3, pp. 
85-90, 1992 

• Picosecond Time-resolved Multiplex CARS 
Spectroscopy by using a streak camera: Isomerization 
Dynamics of All-trans and 9-cis Retinal in the Lowest 
Excited Triplet St 

T. Tahara, B. N. Toleutaev and H. Hamaguchi to be published 
in J. Chem. Phys. 

• Picosecond Raman spectroscopy using a streak 
camera 

Tahei Tahara and Hiro-o Hamaguchi 
Appl. Spectrosc, 47, 391 (1993) 



U Biology/Medical Science 

• Estimation of optical pathlength through tissue from 
divect time of flight measurement 

D T Delpy, M Cope, P van der Zee et al 

Phys. Med. Bid., Vol. 33, No. 12, pp. 1433-1442, 1988 

• Development of a Streak-Camera-Based Time-Re- 
solved Microscope Fluorimeter and Its Application to 
Studies of Membrane Fusion in Single Cells 

Akihiro Kusumi, Akihiko Tsuji, Masayuki Murata et al 
Biochemistry, Vol. 30, No. 26, pp. 6517-6527, 1991 

• Line scan acquisition for time-resolved imaging 
through scattering media 

Jeremy C. Hedden 

Optical Engineering, Vol. 32, No. 3, pp. 626-633, 1993 

• Picosecond Time-Resolved Emission Spectroscopy 
Using a Single-Photon Sensitive Synchroscan Streak 
Camera 

M. Yamashita, S. Kobayashi and M. Ishikawa 

Journal of the Spectroscopical Society of Japan Vol 34 No 3 

1985 

(Written in Japanese) 
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Q Plasma/Eiectric discharge/Combustion 

• Time-resolved visible spectroscopy of laser-produced 
lithium plasmas 

J. Bailey, G. C. Tisone, M. J. Hurst, et al 

Rev. Sci. Instrum., 59 (8), pp. 1485-1487, 1988 

• Measurements of lateral thermal smoothing of 0.53jim 
laser intensity nonunitormities via shock-wave analy- 
sis 

C. L Shepard, P. M. Campbell 

PHYSICAL REVIEW A, Vol. 39, No. 3, pp. 1344-1350, 1989 

• Dynamics of laser-ablated particles from high Tc 
superconductor YBa 2 Cu 3 0y 

O. Eryu, K. Murakami and K. Masuda 

Appl. Phys. Lett. 54 (26), pp. 2716-2718, 1989 

• Spectroscopic Analysis of Diesel Combustion Flame 
by Means of Streak Camera 

K. Nagase, K. Funatsu and I. Haga 

Lecture Theses of the 7 th International Combustion Engine 
Symposium, Japan., No. 123, 1988 
(Written in Japanese) 

H Research of Lasers 

• Pulse shortening of actively mode-locked diode lasers 
by wavelength tuning 

M. Serenyi, and J. Kuhl. E. O. Gobel 
Appl. Phys. Lett. 50(18), 12, 13 (1987) 

• InGaAsP monolithic extended-cavity lasers with 
integrated saturable absorbers for active, passive, and 
hybrid mode locking at 8.6 GHz 

P. B. Hansen, G. Raybon, U. Koren et al 
Appl. phys. Lett. 62 (13), pp. 1445-1447, 1993 

• Applications of synchroscan and dual-sweep streak 
camera techniques to free-electron laser experiments 

Alex H. Lumpkin 

SPIE Vol. 1552 short-wavelength Radiation Sources (1991) 

• Optical diagnostics for a ring resonator free-electron 
laser 

M. L Laucks, A. R. Lourey, D. H. Dowell et al 
Optical Engineering, Vol. 32, No. 2, pp. 384-394, 1993 



H Optical Communications 

• Direct measurement of chromatic dispersion in single- 
mode fibres using streak camera 

K. Mochizuki, M. Fujise, H. Suzuki, M. Watanabe, M. Koishi and 
Y. Tsuchiya 

• lOOGbit/s optical signal generation by time-division 
multiplication of modulated and compressed pulses 
from gain-switched distributed feedback (DFB) laser 
diode 

A. Takada, M. Saruwatari 

Electron. Lett. 24, pp. 1406-1408, 1988 

• Amplification of high repetition rate picosecond 
pulses using an InGaAsP traveling-wave optical 
amplifier 

G. Eisenstein, P. B. Hansen, J. M. Wiesenfield, 

R. S. Tucker, G. Raybon 

Appl. Phys. Lett. Vol. 53, pp. 1539-1541, 1988 

• 64Gb/s All-Optical Demultiplexing with the Nonlinear 
Optical-Loop Mirror 

P. A. Andrekson, N. A. Olsson, J. R. Simpson et al 
IEEE PHOT. TEC. LETTERS, Vol. 4, No. 6, 1992 

• Laser-diode driven ultrafast all-optical switching by 
using highly nonlinear chalcogenide glass fiber 

Masaki Asobe, Hideki Kobayashi, Hiroki Itoh and 
Terutoshi Kanamori 

OPTICS LETTERS, Vol. 18, No. 13, 1993 

H Electron Beam 

• Transverse and longitudinal beam profile measure- 
ment using optical techniques in TRISTAN accumula- 
tion ring 

A. Ogata, T. leiri, K. Nakajima and Y. Mizumachi 

IEEE Transactions on Nuc. Sci. Vol. NS-32, pp. 1944-194, 1985 

• Time Structure Monitoring of the Electron Beam in a 
Linear Accelerator 

S. Owaki 

Jpn. J. of Appl. Phys. 22, pp. 723-727, 1983 

• Measurement of bunch lengthening in TERAS 

S. Sugiyama, T. Yamazaki, T. Noguchi, et al 
Rev. Sci. Instrum. 60 (7), pp. 1748-1751, 1989 
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^ Spectral Response Characteristics of Streak Cameras 
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H P D - T A 

High- Performance 
Digital Temporal Analyzer 



Control & Readouj System 




0 Integration of complete streak systems 

# Powerful data acquisition 
0 Full data calibration 

# Manual and semi-automatic operation 
0 Convenient Windows user interface 
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HAMAMATSU 



The HPD-TA Temporal Analyzer system is a high- 
performance digital control & imaging system, 
designed specifically for reading out the image on 
the phosphor screen of Hamamatsu streak and 
framing cameras. It provides precise, quantitative 
acquisition and preprocessing of two-dimensional 
streak and framing data, including a full range of 
data correction and calibration possibilities. 



Moreover, it integrates the various hardware devices 
belonging to a complete streak setup into a single 
coherent system, and - as long as the used devices 
support remote control - can directly control all 
system components and their interrelations. 

The HPD-TA program is a powerful and user-friendly 
32 -bit software, running under Microsoft Windows. 
It offers plenty of features based on our long-term 
experience and user feed-back. 



jfP£5ign of hardware 
"support 



Streak and Framing Cameras 

HPD-TA supports all Hamamatsu streak and framing 
cameras, old and new models. Models with GPIB 
interface can be fully remote-controlled, while some 
other models can do a unidirectional information 
transfer via their so-called StatusPort. By these 
means, the HPD-TA software automatically knows 
about the selected operation mode (e.g. chosen 
time range) and will treat the data appropriately 
(e.g. activate the proper time axis calibration). 



-L — I ; l » ti^itc-d * ■ \ — : ~ — — 
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Bas/c hardware configuration 



Further, HPD-TA can control shutters, tube gain, etc, 
automatically, preventing unnecessary stress of the 
streak tube. So, HPD-TA brings not only conven- 
ience but also safety to your valuable system. 

CCD Cameras 

As readout devices, HPD-TA supports three different 
classes of CCD cameras, including digital and video 
types. (For a list, refer to the last page.) All special 
features of these cameras are fully supported. 

The CCD camera is connected to an industry- stan- 
dard personal computer via a high-speed frame 
grabber board, which allows real-time image data 
transfer and processing. 

Accessory Devices 

Besides these core devices, HPD-TA can also con- 
trol a variety of other external devices that are fre- 
quently used in streak setups. At the time of this 
writing, around one dozen of those other devices 
are supported, including spectrographs, pulse 
generators, delay units, shutter devices, and others. 
(For a detailed list of currently supported devices, 
please consult Hamamatsu.) 

By this versatility, HPD-TA enrolls these devices 
into one coherent measuring system, convenient 
and safe to use. Streak measurements have never 
been easier. 
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witfiout changing the rest of the program. ~ ; ; : 

the user interface is realized via standardized control panels that \ 
look; similar forfait devices: These control panels fac Mate controlling 
the hardware as well as displaying the current l /de^c£s%tu^ :) i: ?• ' 
Jliq examples on the toft shpwjhe control panels of a streak camera 
and of a spectrograph. ' . . ; . ^ J, J, ; . % i, \^ L-V' : >. =.'L;~v ; : 
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Data acq ui si ti o n 



Live Mode ! t* 

Live Mode allows • 
viewing the streak 
: image on the PC 
monitor in real-time. 
It is: mainly used for :§ 
monitoring the time- 
resolved signal 
during jobs such as 
optical alignment, \ 
focussing, laser 
adjustment, and so ' 
on. 

The sample picture 
on the right shows- 



C:\LiveMode.tif jZoom x 1J SHE3 



52.3 ps 



:m\\\\\ 



a time-resolyedispectrum of a pulsed laser diode, 
as seen by a combination of a spectrograph with a 
r synchroscan streak camera; (The time axis is vertif ; 
cal, the spectral axis is horizontal;) Along the time 
axis you can see the main pulse and relaxation. ■ 
oscillations/ while the spectral axis shows the lon- 
gitudinal LD modes. Also, frequency chirping is 
clearly revealed. Such complete two-dimensional 
time-resolved spectra can be observed in real-time 
- while adjusting experimental parameters like laser 
diode current. for instance. : '■■ :'' ; : : 

The intensity profile and the width (FWHM) of a 
pulse can also be displayed in real-time, which is 
very useful during adjustments. 

Uve Mode window ■■■ ' 



Single-Sweep Image Grabbing 

In case of single- sweep streak cameras it is typically:: 
required to grab a single CCD image frame, syn- . 
chronized with the streak camera and an external 
event. HPD-TA supports versatile trigger schemes 
facilitating this task, including handshake signaling 
with the streak camera in order to control trigger 
inhibition and to prevent accidental misfiring. 



Single-sweep 
acquisition control 



Analog and Photon Counting Integration 

The measurement of very weak signals frequently 
requires longer integration times. HPD-TA offers a 
wide variety of integration modes, including on-chip 
integration and in- memory accumulation . By these 
methods, integration times ranging from a few ms 
to several hours can be realized. 

If ultimate dynamic range of the measurement result 
is required, the user can also choose Photon- 
counting integration, a great feature for many appli- 
cations such as fluorescence Dfetime measurements 
and others. Photon-counting yields a near-Poissonian 
counting statistics, and a D-range of 10 s or more 
can be achieved if the integration time is sufficient;- 

All kinds of integrations are performed in real- time, 
without skipping any signal. 






Photon-counting 
integration control 



Data integration 
can be combined 
with trigger hand- 
shaking, allowing 
precise control 
over the number 
of integrated 
events if required. 



i 
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Recording Dynamic: Phenomena 

: For. the purpose of recording slow 
variations of streak image data over 
time, HPD-TA offers two dedicated ' 

tOOlS. ... V.. ;V '■' 

Sequence Mode streams images 
or intensity profiles continuously 
i nto RAM orb nto the hard disk. : • 
(RAM recprdirig is real-time, while 
disk recording offers bigger capa- 
city.) After ^ recording;- such sequen- 
ces can be played back like a 
i movie) and /various, image "process - 
sing functions can be applied to ;A 



the sequence at once, including averaging and jit- 
ter, correction recording works in com- 4 
bihatiori with all above mentioned acquisition 
modes. . 

Dynamic Photon Counting records only the X-Y 
coordinates of photons. This allows extremely long 
integrations without the -heed for large storage 
capacity andjs very .useful; for analyzing very slow 
phenomena For example, the change of a time- 
resolved picosecond photon-counting spectrum 
due to slow sample kinetics can be analyzed 



Sequence recording control 
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image^ciisplay 




Images are displayed in image windows on the 
Windows desktop. The number of simultaneously 
displayed image windows is limited only by PC 
memory. 

Frequently, images are very faint and cannot be 
seen clearly on the screen without manipulation of 
display parameters. The look-up-table (LUT) tool 
provides easy control over the image appearance 



by adjusting brightness, contrast and pseudo-colors, 
without changing any measurement data. By this 
means even the dimmest phenomena can be 
visualized clearly and brightly. 

Also, image zoom & scroll is available for inspect- 
ing tiny details in an image. 

These features work in real-time and in ali acquisi- 
tion modes, even in Live mode. 





Dim image of a plasma discharge 
(by courtesy of the Kyushu University) 



With pseudo colors 



HP«y profiles.. 



After acquiring a streak image you will usually want 
to extract intensity profiles along the time or the other 
axis. These profiles are created by integration inside 
of sampling windows which may be oriented either 
vertically or horizontally. 

HPD-TA can handle up to 10 different profiles simul- 
taneously, displayed in different colors. Simple 
analytical parameters like peak, rise/fall time, FWHM 
and others can be obtained on the fly. Many options 
allow convenient operation, like AutoZoom, Auto- 
Update, and so on. 

The example beiow shows how two different kinds 
of results can be extracted from one single streak 



image. The image is the same as that on page 2 
under Live mode, but now it has been frozen in 
memory. 

In the picture on the left, vertical profile windows 
yield the temporal intensity traces. The red and 
green trace are the profiles of only one laser diode 
mode respectively, while the blue trace sums over 
all wavelengths. 

In the picture on the right, the red trace shows the 
spectrum of the leading pulse only (equivalent to 
gated spectroscopy with a gate time of only a few 
ps), while the blue trace sums over the whole time 
span (equivalent to steady-state spectroscopy). 




Time-resolved LD spectrum; extraction of temporal 
traces at fixed wavelength bands 



Time-resolved LD spectrum; extraction of spectra at 
fixed time positions 
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Date c6 r re c t i o n 



HPD-TA offers a full range of data correction and 
pre-processing functions; These are used to eliminate 
data artifacts caused by the characteristics of the 
experimental setup and measuring apparatus. 



Background Correction 



•• */ . , ,,, : . j. ,> j-** (■ 



. :- | 



t ; O : 1 Shading Correction! 
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; t •, 1 Curvature iCqrreition^ 



Background Correction is a subtrac- 
tive correction eliminating offset sig - 
nal caused by CCD dark current 
video noise or background light such, 
as stray light. 

Background Correction is also pos- 
sible in real-time in Live Mode, 



Shading Correction is a multiplicative 
correction compensating for overall 
system non- uniformities such as 
those caused by photocathode sha - 
ding or imperfect optical components 
in the measurement setup. 

A sub-case is Spectral Sensitivity 
Correction, which is used in time- 
resolved spectroscopy and com- 
pensates for the wavelength-depen- 
dent efficiency of the spectrograph 
and detector. 



Curvature Correction performs a 
geometric image correaion. Its main 
use is in combination with Synchro- 
nous Blanking, a special mode of 
synchroscan operation, which is 
causing an elliptical distortion of the 
streak image. Curvature Correction 
allows you to rectify such images. 




Time-resolved fluorescence 
spectrum 



After background subtraction 




TV test pattern 



After shading correction 




Oscillating laser diode 



After curvature correction 



Jitter Correction 



In some cases, especially repetitive 
single-sweep streak, simple data 
accumulation does not give satisfying: 
results due to timing jitter between 
subsequent data records. The Jitter 
Corrector can automatically deter- 
mine individual timing shifts for each 
data record prior to accumulation, : 
thereby eliminating signal broadening. 

Jitter Correction is typically, used in v 
combination with Sequence data. ; 




Oscillating LD, integration with 
( large jitter. • . •• V ^c; ;-r -/. ■ 



After jitter correction 
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HPD-TA provides a versatile and easy-to-use scheme 
for attaching calibration information to all measure- 
ment data. Both image axes can be calibrated, the 
time axis and the perpendicular axis (which may be 
a wavelength axis if the streak camera is used in 
conjunction with a spectrograph). These calibrations 
may be linear or nonlinear. 

Usually, the time calibration of a streak system Is 
predefined by the factory, but the user can define 
new calibrations easily whenever he wants - ■ 



After setup, all calibration handling by the system 
is fully automatic and does not require any special 
attention by the user. For instance, when working 
with partial or binned images or when extracting 
profiles from images, calibration information is 
always automatically recalculated and inherited. 

Also, calibration data and other useful information 
(such as measurement parameters) are automati- 
cally embedded in files saved to disk, so there is 
no need to write down such information manually. 



Frequently, users wish to access measurement data 
by external programs for special analysis or display 
purposes. Hamamatsu has been careful to make 
such tasks as easy as possible. Consequently, 




HPD-TA supports popular and easy-to-read data 
formats for images and profiles. All data formats 
are fully documented in the extensive user manual. 



Major data formats: 



2-D data (images): 
■<-M HPD-TA bmary format (compact, fast) :■ 
^pjtftfonpat (for presentation; publishing; printing) 
. + ASCII format (for. easy import, into data analysis 
• programs) - 
, • Clipboard and DDE- (quick data copying and ■ TV. 
automated data transfer; for small images only) p 
* - . ■ 

1-D data (profiles): : ; v 

; ; # 2 -column ASCII (time axis, intensity)- (easy import 
into analysis programs/ spreadsheets; etc J 



Example: Automatic data transfer via DDE to Excel 



For users who want to combine their own software 
code with the HPD-TA program, two independent 
techniques are provided. 

User Function 

This is a simple way how the user can add his own 
code, automatically invoked at certain predefined 
situations. Application examples include adding an 
own data analysis function - automatically done 
each time a profile has been updated or sending 



Software Developer's Kit 

For special purposes, certain customers may wish 
to develop own software solutions that go beyond 
what can be realized by the "User Function" feature. 
Such a case is typically given if an own control logic 
is required, if the streak system shall be integrated 
into a larger complicated facility, or if a customized 
user interface is desired. 
For such cases, we offer a developer's kit which 
allows to bind HPD-TA-specific software compo- 



control signals to third-party hardware, synchronized 
with HPD-TA's Sequence recording. 

Usage of this feature requires a basic familiarity with 
C language and a compiler that can produce Win- 
dows DLL code. This feature is included in HPD-TA 
as standard. 



nents into own developed programs in a powerful 
and elegant fashion. The technique is based on 
Microsoft's Component Object Model (COM). 

The kit is aimed at serious software developers only. 
It requires a Windows development tool supporting 
COM technology. 

This kit is optional and is provided on special 
request only, under special license terms. 
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Two application-specific add-on modules for the ; ; 
HPD-TA software are currently available These are' 
optional and must be purchased separately They 



are seamlessly integrated into the HPD-TA arid can 
'be used without leaving the main program They are 
• easy to -u.se. due to their convenient user interface; 



TA-Fit 

A tool for quantitative analysis of fluorescence decay 
emission. TA-Fit enables you to perform quantitative 
analysis of fluorescence lifetime profiles obtained . 
with the HPD-TA in erther analog or photon-counting 
mode. 

Features: 

• Fitting engine with advanced adaptive least-square 
fitting algorithm 

• Deconvolution with excitation pulse 

• Determination of multiple lifeti me components as 
well as shift and offset 

• All parameters can be either fixed or floating 

• Quality of fit result via chi-square, Durbin- Watson, 
autocorrelation, ... 

• Graphical user interface allows easy tweaking of 
fit parameters and seeing their influence instan- 
taneously 

• User-defined stop conditions 

• User- defined fitting sets for quick access to 
previously defined settings 

': : •v! ; :: ; - : v : li:l VA : 7 7; ; ;r L - : 7-7* •' •'' 7- s ■' 77"77 : :" 71 77.1 7::: h :7 7 -7S 7' 
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Data fitting is always a job that requires some basic 
level of understanding and skill. However, TA-Fit is 
designed in such a way that it allows even non- 
special ists to obtain reliable results with minimum 
difficulty. The extensive user manual not only ex- 
plains the practical usage of the software, but also 
illuminates the theoretical background and contains 
a step-by-step tutorial. V 



CB fitting conliol 
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Fitting control, windo w , 



Fitting display window 



TA-Absorption 

Transient absorption measurements are a well-known, 
. powerful technique in the chemical sciences. Not so 
well-known yet is the fact that the use of a streak 
system adds even more power, yielding rapid, multi- 
channel recording of data with superb temporal 
resolution. 

TA- Absorption is a tool that helps you to obtain : ;-= 
such transient absorption spectra easily. -y- - 

By using TA- Absorption, high-performance transient 
absorption measurements become convenient, ' 
safe, and fast. 

Features: 

• Automatic recording of all needed data (sample, 

:! r reference, background, fluorescence if present) 'f 
at once • '•; 

• Automatic dnving of external shutters controlling 
the beam paths 

• Performir^ quantitative 
absorbance data 
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\ Transient absorption control window |:-; 




Items i 


Dual-Scan Version 


ORCA Version 


Video Version 


Camera type 


Dual-Scan Cooled 
isirU uamera 
(C4880series) w 


Cooled Digital 
utrU Camera 
(C4742-95 "ORCA" series) w 


Video CCD Camera 
(CCIR or RS-170) 


Coupling method , ; * 


v< Relay lens: : 


Relay lens / 


I' \ } .Fiber optics : ; : 


Resolution 


typ. 1000x 1018 pixels 


1280x1024 pixels 


768 x 493 pixels (CCIR) or 
756 X 581 pixels (RS-1 70) 


; Frame ra to »' '•' 'V & l 


_Jtyp. 7 Hz (fast scan) 


* ;>18 Hz (superpixel) -f/£ : 


^, < w HZ (oUIKi OT •• 

r^^«3ffi3f(RS^170) ;;■ 


Single exposure time 


20 ms to 30 min 


100 us to 10 sec 


40 or 33 ms 


Analog Integration 


^on^hipg' to 




jnto memory 


Dynamic range 
single frame 
integration 


12 or 14 bits 
16 bits 


10 or 12 bits 
16 bits 


8 bits 
16 bits 




s^rwr ™~ - — ■ 

. • . .:_.,„„ _ 






Superpixel mode 


• 


• 




[SuDarra^canlm^e^ 









r * f/iere are var/bus subtypes available of the C4880 and the ORCA series cameras. The numerical figures given here are 
typical values and may depend on the exact model. 
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• Window and Excel ere nvdemanXs of Microsoft Corporation. All other mentioned product names are trademarks or registered mdemarte of their respective holders. 

• Information finished by Hamamatsu is believed to be reliable. However, no responsibiixy 0 assumed for possible inaccuracies or omissions. Specifications and external appearance ere subject to change without notice. 



www.hamaniatsu.com 



HAMAMATSU 

Hamamatsu Photonics Deutschland GmbH 

Arzbergerstrasse 10, D-82211 Herrsching, Germany, Phone: (49)8152-375-0, Fax: (49)8152-375-222. email: info@hamamatsu.de 

Japan: Hamamatsu Photonics K.K.. Systems Division: 812 Joko-cho, Hamamatsu City, 431-31, Japan, Phone: (81)053-431-0124, Fax: (81)053-435-1574 

USA and Canada: Hamamatsu Photonics Systems: 360 Foothill Road, Bridgewater, NJ. 08807, U.SA, Phone: (1)908-231-1116, Fax: (1)908-231-0852 

France: Hamamatsu Photonics France SAR.L: 8 Rue du Saule Trapu, Pare du Moulin de Massy, 91300 Massy, France, Phone: (33)169 53 71 00 Fax- (331169 53 71 10 

United Kingdom: Hamamatsu Photonics UK Limited: Lough Point. 2 Gladbeck Way, Windmill Hill, Enfield, Middlesex EN2 7JA, United Kingdom, Phone- (44)208-367-3560 

Fax: (44)208-367-6384 9 ' 

North Europe: Hamamatsu Photonics Norden AB: Smidesvaaen 12. SE-17141 Solna, Sweden, Phone: (46)8-50 90 31 00. Fax: (46)8-50 90 31 01 



1436 OPTICS LETTERS / Vol. 22, No. 18 / September 15, 1997 

Streak camera operating in the mid infrared 

Marcel Drabbels* and L. D. Noordam 

Stichting voor Fundamenteel Onderzoek derMaterie, Institute for Atomic and Molecular Physics, Kruislaan 407, 

1098 SJ Amsterdam, The Neth erlan ds 

Received May 13, 1997 

An atomic streak camera has been constructed that operates from the near to the far infrared. The 
photocathode used in conventional streak cameras for the conversion of photons to electrons has been replaced 
by gas-phase atoms in a Rydberg state. The low binding energy of the electron in a Rydberg atom combined 
with the large photoionization cross section of a Rydberg atom makes Rydberg atoms suitable for use in an 
infrared streak camera. Operation of the streak camera is demonstrated at 2.6 /im, well beyond the spectral 
range of any conventional streak camera. © 1997 Optical Society of America 



EXHIBIT D 



ADszraci — An atomic mirarea <ikj streak camera is demon- 
strated that operates in the mid- and far-infrared (A = 5-85 f.im\ 
v well beyond the long wavelength cutoff of conventional streak 

^cameras. The temporal and spectral characteristics of the streak o 
*:amera are determined using the FELIX free-electron laser as 

:he IR light source. The temporal resolution of the streak camera 

was found to be as short as 1.2 ps. The high sensitivity of the 

rtreak camera is demonstrated by single-shot characterization of 

:he IR pulses of FELIX. 

Index Terms — Free-electron laser, infrared detector, streak 
:amera, ultrafast electronics, ultrafast optics. 



BEST AVAILABLE COPY 



What is a Streak Camera? ^xhirit e 



[What is a Streak Camera?] 

Although we call It a "camera", a streak camera is quite different 
from the video cameras and still cameras that we load with film 
to take pictures of the people and objects around us. 

The streak camera is a device to measure ultra-fast light 
phenomena and delivers intensity vs. time vs. position (or 
wavelength) information. Its name dates back to the early days 
of the high speed rotating drum cameras. These cameras would 
"streak" reflected light onto film. No other instruments which 
directly detect ultra-fast light phenomena have better temporal 
resolution than the streak camera. 

Since the streak camera is a two dimensional device, it can be 
used to detect several tens of different light channels simultane- 
ously. For example, used in combination with a spectroscope, 
time variation of the incident light intensity with, respect to 
wavelength can be measured (time-resolved spectroscopy). 
Used in combination with proper optics, it is possible to measure 
time variation of the incident light with respect to position (time 
and space-resolved measurement). 



[Features] 

• Simultaneous measurement of light intensity on both 
the temporal and spatial axis (wavelength axis) 

By positioning a multi-channel spectroscope in front of the slit 
(for the incident light) of the streak camera, the spatial axis is 
reckoned for the wavelength axis. This enables changes in the 
light intensity on the various wavelengths to be measured (time- 
resolved spectroscopy). 

• Superb temporal resolution of less than 0.2 ps 

The streak camera boasts a superb maximum temporal resolu- 
tion of 0.2 ps. This value of 0.2 ps corresponds to the time ittakes 
for light to advance a mere 0.06 mm. 

• Handles anything from single event phenomena to 
high-repetition phenomena in the GHz range 

A wide range of phenomena can be measured simply by 
replacing the modular sweep unit. 

• Measurement ranges from X-rays to the near infrared 
rays 

A streak tube (detector) can be selected to match any wave- 
length range -from X-rays to near infrared rays. 

• Ultra-high sensitivity (single photoelectron can be 
detected) 

The streak tube converts light into electrons, and then multiply 
it electrically. By this, it can measure faint light phenomena not 
to be seen by the human eyes. This enables monitoring of 
extremely faint light; even single photoelectron can be detected. 

• Dedicated readout system 

A dedicated readout system is available which allows images 
recorded by a streak camera (streak images) to be displayed on 
video monitor and analyzed in real time. This enables the data 
to be analyzed immediately without the delay of film processing. 



[Operating Principle] 

Fig. 1 shows the operating principle of the streak camera. The 
light being measured passes through a slit and is formed by the 
optics into a sfit image on the photocathode of the streak tube. 
At this point, four optical pulses which vary slightly in terms of 
both time and space, and which have different optical intensities, 
are input through the slit and arrive at the photocathode. 

The incident light on the photocathode is converted into a 
number of electrons proportional to the intensity of the light, so 
that these four optical pulses are converted sequentially into 
electrons. They then pass through a pair of accelerating elec- 
trodes, where they are accelerated and bombarded against a 
phosphor screen. 

As the electrons produced from the four optical pulses pass 
between a pair of sweep electrodes, high voltage is applied to 
the sweep electrodes at a timing synchronized to the incident 
light (see Fig. 2). This initiates a high-speed sweep (the elec- 
trons are swept from top to bottom). During the high-speed 
sweep, the electrons, which arrive at slightly different times, are 
deflected in slightly different angles in the vertical direction, and 
enter the MCP (micro-channel plate). 



As the electrons pass the MCP, they are multiplied several 
thousands of times, after which they impact against the phos- 
phor screen, where they are converted again into light. 

On the phosphor screen, the phosphor image corresponding to 
the optical pulse which was the earliest to arrive is placed in the 
uppermost position, with the other images being arranged in 
sequential order from top to bottom; in other words, the vertical 
direction on the phosphor screen serves as the time axis. Also, 
the brightness of the various phosphor images is proportional to 
the intensity of the respective incident optical pulses. The 
position in the horizontal direction of the phosphor image 
corresponds to the horizontal location of the incident light. 

In this way, the streak camera can be used to convert changes 
in the temporal and spatial light intensity of the light being 
measured into an image showing the brightness distribution on 
the phosphor screen. We can th us find the optical intensity from 
the phosphor image, and the time and incident light position 
from the location of the phosphor image. 
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X-Ray Streak/MultiFrame Camera K002 



K002 camera built aroud Streak/Framing tube with MCP photocathode and 40 mm Image Intensifies This 
type of Phocathode covers wide spectral range from X-ray to UV (1 MeV - 10 eV). Camera can operate in 
either Streak or MultiFrame mode. Temporal resolution is 200 ps in streak mode. Exposure times cover 
range from 5 ns to 100 ns with selectable number of frames 4, 6, or 8. 
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Photocathode : 






rnotocatnoue size 




12mm Dia 


Spafal resolution 1 




! 10 J.p/ m . m ^ „ ; i t 


Temporal resolution 




200 ps 


Streak speeds range 


; ; / . 

. _J 


25 ps/mm - " - ] 
2 5 ns/mm 


Jitter 




± 50 ps 


~ £ ' - ..." 






Repetition rate 




up to 10 Hz 


. Dimensions ' 


IplPipp: : i 

^IxJU ' ; 


kLx2L_*a3ki Cm 1 


Weight 




37 kg 
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Prior art statement 

(1) "Printed Publication" as Prior Art 
Asia Display *95 is a "Printed Publication". 

Asia Display *95 meeting of SID (Society for Information Display) was opened in October 1 6-1 8th, 1 995 as 
written at the cover. 

A paper of "Luminance Observed above the Anode Electrode in Co-Planner Structure ACPDP" was announced ~ ; 



in public in the meeting on October 18, 1995 as written in the paper. 

On the other hand, the present invention was filed in the U.S on June 3, 1997 and the priority date which is 
Japanese filing date is June 12, 1996. Accordingly, an art described in the paper is a prior at of the present 
invention, 

(2) Prior art disclosed in the paper 

The paper explains a result of an experiment regarding a reflecting type, surface discharge, color AC - PDP. 
Though it is not explicitly shown, it is supposed that the PDP is a general type, three electrode structure. 
It is written in the paper that enclosed discharge gas is a mixture gas of Ne and Xe and a mixture ratio of Xe in 
the mixture gas is 5 %. 

Each spectrum of light emitted from the PDP is observed by the experiment. 

That is, phosphor light is shown in Fig. 2 (1), Ne orange light is shown in Fig. 2 (2) and Xe infrared light is 
shown in Fig. 2 (3). 

A presence of infrared light emitted from Xe gas is recognized in the experiment. 

And a IR-cut filter is used for removing an unnecessary light in observing a luminescence of phosphor light as 
shown in Fig. 2 (1). 

Accordingly, a state for cutting infrared light emitted from PDP is made in the experiment. 
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(3) A difference between the present invention and the prior art is disclosed in the paper However, it only 
discloses that an IR-cut filter is used for removing an unnecessary light in observing a luminescence of 
phosphor light as shown in Fig. 2 (1) 

And it only discloses that infrared light emitted from 5% Xe gas is observed as shown in Fig. 2 (3). 
However, it does not disclose or suggest a problem caused by infrared light, such as malfunction of near 
infrared remote control for domestic electric appliances in the home. Accordingly it does not disclose at all a 
necessity of a cut filter of near infrared. 

Needless to say, it does not disclose a concrete structure of PDP for cutting near infrared, such as a protection 
plate and a construction of a casing as in claim 6 and a protection plate at a predetermined distance from a 
display panel as in claim 16. 

(4) Distinction 

As explained in the above, though a IR-cut filter is used for spectrum observation in the paper, it is not 

understood to constitute a necessity of an IR-cut filter in a PDP product. 

IR-cut filter is only used for observing a luminescence of. phosphor light in the paper. 

And it is not recognized to be a problem caused by infrared light, such as malfunction of near infrared remote 
control for domestic electric appliances in the home, and a necessity for solving of the problem by removing 
near, infrared emitted from Xe gas. 

As such, the present invention is not obvious, based on prior art in the paper. 
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